understand the functional consequences of the interacthat they served as GEFs for either Cdc42 or Rac. Intions of Cool-2 with activated Cdc42 and Rac. In this deed, it has been demonstrated biochemically that report, we demonstrate that the binding of activated Cool-2 can act as a GEF toward Rac and Cdc42 and Cdc42 to the Cool-2 dimer has a marked stimulatory that the specificity of its GEF activity is influenced by effect on its Rac-specific GEF activity. Activated vera monomer-dimer equilibrium [13, 14]. Dimeric Cool-2 sions of Cdc42 induce this allosteric regulation by bindexhibits a Rac-specific GEF activity, whereas monoing to a site on the Cool-2 dimer that is distinct from meric Cool-2 can act as a GEF for either Rac or Cdc42. and likely opposite to the site where GDP bound Rac However, we have yet to find that either p50Cool-1 or sits. Interestingly, activated forms of Rac, which also p85Cool-1 exhibits classical GEF activity, as assayed bind to Cool-2, cause a striking inhibition of its Racby the stimulation of [ 3 H]GDP dissociation from Rac or specific GEF activity. Overall, these results suggest that Cdc42. The inability of the Cool-1 proteins to exhibit Cool-2 is subject to novel allosteric regulatory mecha-GEF activity was attributed to a sequence of 18 amino nisms that enable it to play a pivotal role as a control acids that lies just downstream from the PH domain, switch in a GTPase cascade, converting the binding of designated the T1 region ( Figure 1A) . Removal of the T1 activated Cdc42 into an activation of Rac. However, region from p85Cool-1 restored GEF activity, whereas when sufficient levels of activated Rac are generated, insertion of this region into the appropriate site on a feedback inhibition then occurs that shuts off the GEF Cool-2 inhibited its GEF capability [13] . In fact, we reactivity of Cool-2.
cently reported that p85Cool-1, rather than acting as a GEF, can serve as a target for activated forms of Cdc42, and this has important consequences for the regulation Results of the Cbl-catalyzed ubiquitination of EGF receptors [10]. However, perhaps even more surprising was the Cool-2 Binds to the GTP Bound Form of Cdc42 finding that activated forms of Cdc42 were able to assoBecause the Cool/Pix proteins were identified based on ciate with dimeric Cool-2, given that it is a Rac-specific their abilities to bind the Cdc42/Rac target PAK, and GEF and thus does not regulate the nucleotide exchange given that each member of the family contains tandem DH and PH domains ( Figure 1A) , it was initially assumed activity of Cdc42. Figure 1B shows the results of GST pull-down assays, Rac(T17N), or with the cDNA encoding HA-Rac(T17N) alone. Purified, E. coli recombinant GST-Cdc42, precomparing the ability of GMP-PCP bound, E. coli recombinant GST-Cdc42 to associate with Myc-tagged forms loaded with either GDP or GMP-PCP, was then incubated with lysates from the different COS-7 cell transfectants. of different members of the Cool/Pix family that were expressed in COS-7 cells. Activated, GMP-PCP bound As shown in Figure 3A (top panel), GST-Cdc42-GMP-PCP (lane 2), and to a much lesser extent GST-Cdc42-GST-Cdc42 was capable of a stable interaction with Myc-tagged p85Cool-1, consistent with our earlier find-GDP (lane 1), were able to form a complex with the nucleotide-depleted Rac(T17N) protein, but only in cells ings [10]. However, GMP-PCP bound Cdc42 also interacted with Myc-Cool-2, albeit to a slightly lesser extent that also expressed Cool-2. When Cool-2 was not coexpressed with Rac(T17N), GST-Cdc42-GMP-PCP showed than with Myc-p85Cool-1, but showed no detectable binding to Myc-p50Cool-1.
no ability to associate with nucleotide-depleted Rac ( Figure 3A, top panel, lane 3) . Thus, these results argue We next set out to examine how activated Cdc42 binds to Cool-2. A number of different Cool-2 constructs for the existence of a stable ternary complex comprised of activated Cdc42, nucleotide-depleted Rac, and Cool-2. were prepared (Figure 2A ) and assayed for their abilities to associate with GMP-PCP bound GST-Cdc42. As However, they also raised the question of whether the differences observed when using GMP-PCP bound shown in Figure 2B Figure 2A) We then examined the ability of Cdc42, Rac, and Cool-2 to form a ternary complex, using purified recombinant The DH domain of Cool-2 appears to be essential for the binding of activated Cdc42, because when two proteins. Full-length, wild-type Cool-2 was expressed and purified as a His-tagged protein from Sf21 cells, highly conserved leucine residues within this domain were mutated to arginine and serine, respectively (desigwhile Cdc42 and Rac were expressed and purified from E. coli. Figure 3C shows the SDS-PAGE profiles for these nated as DHm.Cool-2), the binding to GMP-PCP bound Cdc42 was eliminated ( Figure 2B . Figure 4A shows the results of a similar were transiently transfected with the cDNAs encoding Myc-tagged Cool-2 and HA-tagged, nucleotide-depleted type of guanine nucleotide exchange assay, but using was added together with His-Cool-2, there was an even Rac-GEF activity of Cool-2, we were curious whether Cdc42 might also act as a positive feedback regulator, greater enhancement in the rate of nucleotide exchange. In fact, the rate of [ Figure 4B shows that GMP-PCP bound Cdc42 is also incapable of stimulating the GEF activity and strongly stimulates GDP dissociation.
Given the ability of activated Cdc42 to stimulate the of monomeric Cool-2. In order to test this possibility, when the molar levels of activated Cdc42 were approximately half, or at most equivalent to, the molar levels dissociation from purified, recombinant Cdc42. The dimerization-defective Cool-2 construct was coexpressed of Cool-2 and Rac. As shown in Figure 4C , when the levels of GMP-PCP bound Cdc42 were increased so with Cbl-b, because we had previously shown that Cbl-b binds effectively to the SH3 domain of Cool-2 and acts that they exceeded the molar levels of Cool-2 and Rac, Cdc42 was no longer able to stimulate the Rac-GEF as a necessary cofactor for monomeric forms of Cool-2 to exhibit Cdc42-GEF activity [14]. However, we found activity of Cool-2. Presumably, at increasing levels of GMP-PCP bound Cdc42, both DH domains within the that rather than stimulating the GEF activity of the 
